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HOW WEAK ARE YOUR HARMONICS? 


By Clayton F.Bane, W6WB 


When the amplitude of harmonics from an 
amateur transmitter are reduced by application 
of various corrective measures, it is assumed 
that a point will ultimately be reached where 
the sensitivity of the measuring device will 
become inadequate. This is to say that, even 
though the harmonic may ultimately be reduced 
to the point where the indicating instrument 
will no longer produce deflection, harmonic 
interference to the TV picture may still be 
very much in evidence. This brings up two fac- 
tors for consideration: First, a more sensi- 
tive harmonic measuring device. Second, the 
amount by which the harmonic must be reduced 
in order to be negligible in comparison with 
the TV picture. Both factors are important and 
will bear some further discussion. 


It will be apparent that the degree of 
harmonic attenuation necessary to insure free- 
dom from interference is very definitely tied 
in with the field strength of the TV station, 
( operating on the harmonically related chan- 
nel ) in a particular locality. Since TV sta- 
tion field strength may vary widely in many 
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locations, it is not at all safe to general- 
ize. Thus, harmonic reduction techniques ap- 
plied to a transmitter in an area where the 
TV field strength happens to be high, may 
prove to be totally inadequate when applied 
to a transmitter located in a region where 
the field strength is low. Actual distance 
from the TV station is not necessarily a 
criterion of the field strength to be expected 
For example, within the City of San Francisco 
there are areas where KRON, (Channel 4) will 
vary between a high of over 20,000 and a low 
of 500 microvolts! ( Small doubt but that 
other stations in this area vary by a like 
amount ). It is only reasonable to expect that 
the amateur situated in the 20,000 microvolt 
area is going to have, less difficulty in re- 
ducing his fifth harmonic, (from 14 mc) to a 
value below the point of interference than 
will an unfortunate amateur who is located in 
the 500 microvolt area. These two extremes of 
TV signal levels represent a voltage ratio of 
40:1 or 32 decibels. 

We have heard many amateurs proudly state 
that particular harmonics from their trans- 
mitters were so weak that just the slightest 
of indications could be observed on their in- 
dicating instruments. The question naturally 
arises as to whether the harmonics were ac- 
tually very weak or, much more probably, the 
pick-up device very insensitive. 
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Most of the more simple pick-up devices 
use a crystal rectifier,(1N34) in conjunction 
with a microammeter and operate as an RF volt- 
meter. This rectifier-meter combination is of 
course connected across an L/C circuit tuned 
to the desired harmonic frequency. Most use a 
0-100 microammeter...a few 0-50...a very few 
0-25 microammeters. The very lamentable fact 
about even the most sensitive of these combi- 
nations is that they are completely inadequate 
for anything but rough preliminary measurement. 
In other words, if one can just barely see the 
pointer move up from zero, the amplitude of 
the harmonic is generally greater than the 
strongest TV signal! This can be readily veri- 
fied by referring to the curves in Fig.1,... 
these represent actual plots of microammeter 
readings for a given microvolt signal input. 
Since individual crystals may vary somewhat 
in their sensitivity, measurements were made 
using three different crystals to arrive at a 
typical average value. It will be painfully 
evident that the first visable movement of the 
instrument pointer will correspond to about 
20,000 microvolts...a really terrific signal 
in terms of TV station field strength. Further 
observation of the curve will show that the 
reading of the microammeter is not linear,.. 
that the scale tends to “bunch” at the bottom 
This in itself makes it very difficult to try 
to evaluate the effectiveness of traps,filters 
or other devices that might be installed in an 
effort to reduce the harmonic. Lest we havn’t 
yet put over the point that this type of har- 
monic measuring device is hardly worthwhile, 
let us once again review the problem in terms 
of TV station field strength. 


Let us assume that the particular TV rec- 
eiver is in a strong signal area where the 
field strength is the equivalent of 5000 micro 
volts at the input terminals of the receiver. 
Remember, this is strong and receivers in this 
area will be receiving excellent pics. 5000 
microvolts across an input impedance of 300 
ohms, (average TV receiver input impedance ) 
represents a power of only .000000083 watts! 
Assume further that an amateur transmitter 
with a carrier power of 500 watts might pro- 
duce a signal at the terminals of the TV rec- 
eiver amounting to .01 of 1% of the 500 watt 
carrier or .05 watts. This estimate is reason- 
able for a transmitter without harmonic reduc- 
tion treatment. The ratio of the two powers 
works out to be 510,240:1 or 57.7 db. In this 
instance one starts off with an interfering 
harmonic some 57 db stronger than the TV sig- 
nal. Since a low-pass filter offers the best 
means of achieving a large attenuation of the 
harmonic, let’s consider the effectiveness of 
such a filter under the stipulated conditions. 


The attenuation of a low-pass filter of 
the Constant K type at any given harmonic fre- 
quency beyond its cut-off point will depend 
upon how far removed this harmonic frequency 
is from the cut-off frequency. Typical filters 
for amateur application have a cut-off frequen 
cy at 44 mes. Thus a fifth harmonic from 14 mc 
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would fall at 70 mcs which is less than one 
full octave removed from the 44 mc cut-off 
point. Bearing in mind that the filter will 
have an attenuation of some 16 db/octave and 
that this figure will be multiplied by the 
number of filter sections used, (usually 4) 
this typical filter will have an attenuation 
of approximately 60 db at 70 mcs. Note that 
the filter may likewise employ terminating 
“M” sections. With 44 me cut-off, an“M” of’ .6 
would bring a notch of very high attenuation 
at 55 mcs thus affording substantial reduction 
to harmonics falling in or near Channel 2. 
Consider once again the typical case where 
the fifth harmonic from 14 mes showed a dif- 
ferential of 57 db over the TV signal on Chan- 
nel 4. Everything else being equal, the typi- 
cal filter with a total attenuation of 60 db 
would merely reduce the strength of the har-- 
monic to a value approximately equal to the 
television signal! 


Here is a case where a perfectly good fil- 
ter was used...the filter provided the maximum 
possible attenuation of which it was capable, 
yet the harmonic interference was not elimina- 
ted. It can be seen that the problem requires 
the answer to an important question, how strong 
is the harmonic in relation to the TV signal ? 
We cannot state with exactness just what the 
interference-free ratio between the two-sig- 
nals should be but we can fall back upon some 
actual examples. In one particular case, the 
TV signal was about 500 microvolts/meter and 
that from the amateur station approximately 
100 microvolts/meter yet interference was ob- 
servable on the TV picture. 


It is definitely not the intent of this 
brief paper to regard harmonic elimination in 
a pessimistic light. In the examples given 
it would have simply been necessary to reduce 
the harmonics from the output of the trans- 
mitter before the filter was added. This might 
have been readily accomplished by traps, in- 
creasing the L/C ratio, elimination of har- 
monic resonant circuits within the final ampli- 
fier or an additional low-pass filter between 
driver and final amplifier. In any case, it 
can be done. 


We cannot emphasize too strongly the nec- 
essity for harmonic measuring equipment hav- | 
ing greater sensitivity than can be obtained 
with the conventional crystal rectifier/micro- 
ammeter combination. When the harmonic has 
been reduced until the microammeter approaches 
zero the job is not finished....it’s merely 
beginning! However, one thing is certain...if 
it is necessary to reduce harmonics to a very 
low value it will be equally necessary to be 
able to quantitatively observe and evaluate 
the various corrective measures as they are 
applied. This points up the need for a meas - 
uring instrument that will provide readable 
indication down to about 100 microvolts. An 
inexpensive and readily constructed device to 
accomplish this result will be described in 
a subsequent issue of TECNEWS. 
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The most compact general coverage receiver ever built 
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Designed especially for 
the shortwave fan, the new 
SW-54 covers ship, police, 
amateur, foreign and standard 
broadcast bands. Yet it’s housed 

_in a smart, modern, unbreakable 
metal cabinet that measures 
only 11”x7” x7”. Uses new 
miniature tubes in superhetero- 
dyne circuit, for astonishing 
sensitivity. Unique adjustable. $ 4995 
an bandspread dial assures a © 540ke — 30me 
Ogging accuracy over entire 

‘range. AC/DC operation. iasily/higher wes? of the Rockies e VOICE © CODE e MUSIC 
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NEW, 16" RECTANGULAR "BLACK-FACE" TUBE 

The whole face of the tube is used..no corners 
are lost! "Black-face" tube provides greater 
contrast under normal lighting conditions. 


EXGURIAMO EN Srl ata leVile liye cneuts 
Latest turret-type tuner and an extra stage of 
|.F. amplification insure excellent reception. 


NEW =PICTURE-LOCK®..C:LRGU ETS 
No flicker, “tearing” or jumping. Mov.ie steady! 


AUTOMATIC FREQUENCY CONTROL 
Eliminates drift..keeps set locked in perfect 
sync with transmitter. Minimizes interference. 


CAREPUEEYSSHLEEDEDMEHAS SIS 
A distinct help in reducing TVI. 


DOUBLE-TUNED R.F.BANDPASS 
Greatly increases selectivity..good rejection 
to H.F. signals outside the TV channels. 


TELEVISION 


HI -PASS ...A COMPLETE ASSORTMENT. 
FILTERS EVERYTHING FROM A SIMPLE DI- 
POLE TO THE MOST COMPLEX HIGH- 


: Extensive tests have proven GAIN STACKED ARRAYS. 
that, in a great many cases of TVI, the TV antenna 

and feeder are acting as a single-wire antenna 

with the interfering currents in-phase in both 10 element 

legs of the feeder. The recently re-designed Drake Conical. 

shunt-type, two section, mderived filter really 

does an excellent job on this type of TVI. This 

new filter retains the 50 mc cut-off and the high 

rejection notch at 28 mc for additional protection 

to stations operating on this band. Each side of 

the line is separately filtered and a shield is U 
used between input and output circuits. wy Hi-Lo dipole with 


AMATEUR NET PRICE... sseceececeess0$3.57 parisitic element. 


Here is an saane Guat new trap 

circuit having the advantage : 

of being continuously vari- / \ Doubl-Vee 

able to cover either the low Stacked. 

of Piet TV bands. Connects fii k High-Low band 
across transmission line at ; | 
transmitter output. Other ‘ ae, ; Double Three Element. 
models for connection to TV 

receiver to provide re ject- WR = 

ion notch at interfering fun- S ae =f , Also: 

damental ALOquency,. _ — al TELESCOPING MASTS 


No.T-301 LB. Channels 2 to 6. = 30', 40' and 50' sections. 
No.T-302 HB. Channels 7 to 13 AMATEUR NET PRICE....$2.37 
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